The CDK inhibitor p21 WAF1/CIP1 is a negative regulator of the cell cycle, and its expression is induced during terminal dierentiation in vitro and in vivo. Expression of p21 is controlled at the transcriptional level by both p53-dependent and -independent mechanisms. Our previous studies established that p21 is expressed in the Caco-2 adenocarcinoma cell line, and its expression is induced by a p53-independent mechanism during dierentiation of these cells. Here we have found that transcription of p21 in Caco-2 cells is controlled primarily by the transcription factors Sp1 and Sp3 through two Sp1 binding sites, Sp1-1 and Sp1-2, located between 7119 and 7114 bp and between 7109 and 7104 bp of the p21 promoter, respectively. Sp1 and Sp3 binding to the p21 promoter increased during Caco-2 cell dierentiation, while the absolute level of Sp1 did not change and the absolute level of Sp3 increased approximately twofold. Transfection experiments in the SL2 Drosophila cell line that lacks endogenous Sp3 activity demonstrated that Sp1 transactivates the p21 promoter primarily through the Sp1-2 site, while Sp3 acts through the Sp1-1 site. In these cells Sp3 is a stronger transactivator of the p21 promoter than Sp1. Our data suggest that induction of p21 transcription during Caco-2 dierentiation is modulated by Sp1/Sp3 interactions with the p21 promoter. Oncogene (2000) 19, 5182 ± 5188.
Introduction

p21
WAF1/CIP1 binds and inhibits cyclin/cyclin-dependent kinase (Cdk) complexes resulting in cell cycle arrest (El-Deiry et al., 1993; Harper et al., 1993; Xiong et al., 1993; Jiang et al., 1994; Noda et al., 1994) . Regulation of p21 transcription is controlled by both p53-dependent and -independent pathways (reviewed in Gartel and Tyner, 1999) . DNA damage activates p21 transcription in a p53-dependent manner in most tissues through two p53 binding sites within the p21 promoter (Macleod et al., 1995) . Cultured p21-de®cient mouse embryonic ®broblasts were compromised in their ability to undergo G1 arrest in response to DNA damage (Brugarolas et al., 1995; Deng et al., 1995) . G1 arrest coincides with terminal dierentiation, and p21 expression is activated by p53-independent mechanisms during terminal dierentiation in a number of cell types (Jiang et al., 1994; Steinman et al., 1994; Halevy et al., 1995; Macleod et al., 1995; Parker et al., 1995; Gartel et al., 1996a) (reviewed in Gartel et al., 1996b; .
The region between 7119 basepairs (bp) and the start of transcription of the human p21 gene contains six Sp1 binding sites (Sp1-1 to Sp1-6), and plays a major role in the regulation of p21 transcription ( Figure 1c ) (reviewed in Gartel and Tyner, 1999) . Sp1 is a member of a multigene family that binds DNA through C-terminal zinc-®nger motifs. Sp2, Sp3, and Sp4 share extensive structural and sequence homology with Sp1 (Kennett et al., 1997) . Sp1 mediates induction of the p21 gene through the Sp1-1 and Sp1-2 sites in response to phorbol ester (PMA) and okadaic acid (Biggs et al., 1996) . The Sp1-3 site in the p21 promoter has been shown to be required for p21 induction by transforming growth factor-b (TGF-b) (Datto et al., 1995) , Ca 2+ (Prowse et al., 1997) , butyrate (Nakano et al., 1997), lovastatin (Lee et al., 1998) , NGF (Billon et al., 1999) and the histone deacetylase inhibitor, trichostatin A (TSA) . Sp3, but not Sp1, has been shown to mediate transactivation of the p21 promoter by TSA (Sowa et al., 1999 ). It appears that TSA relieves histone deacetylase 1 (HDAC1)-mediated transcriptional repression that targets Sp3 on the p21 promoter (Doetzlhofer et al., 1999) . TGF-b, TSA and butyrate inhibit proliferation and induce G1 cell cycle arrest via p21 activation in various cell types (Datto et al., 1995; Sowa et al., 1997) . Interaction of Sp1 with Smad proteins mediates induction of the p21 promoter by TGF-b in human hepatoma cells (Li et al., 1998; Moustakas and Kardassis, 1998) .
The transcriptional co-activators p300 and CBP (CREB-binding protein), which possess histone acetyl transferase activity, cooperate with Sp1/Sp3 to induce expression from the p21 promoter after dierent stimuli. For example addition of nerve growth factor (NGF) to PC12 cells induces neuronal dierentiation and p21 expression (Billon et al., 1996; Yan and Zi, 1997) . NGF induces p21 transcription through regulation of p300 transcriptional coactivator activity and p300 cooperates with Sp1 for transactivation of the p21 promoter (Billon et al., 1999) . Induction of the p21 promoter during Ca 2+ -induced dierentiation of cultured mouse keratinocytes is also dependent on p300 (Missero et al., 1995) . Since Sp3 has been shown to be responsible for induction of the p21 promoter by calcium (Prowse et al., 1997) , it is tempting to speculate that p300 interacts with Sp3 for induction of the p21 promoter. The progesterone receptor (PR) has been found in complexes with CBP/p300 and Sp1 that are required for induction of the p21 promoter by progesterone via the Sp1-3 and Sp1-4 sites of the p21 promoter (Owen et al., 1998) . c-Jun can physically interact with Sp1 and superactivate the p21 promoter by the Sp1-dependent mechanism through the region between 7122 and 764 bp of the p21 promoter (Kardassis et al., 1999) . A variety of other transcription factors such as AP2, E2Fs, STATs, C/EBP a , C/ EBP b , and the homeobox transcription factor gax can induce p21 transcription in response to dierent signals through other regions of the p21 promoter (reviewed in Gartel and Tyner, 1999) .
Caco-2 cells were derived from a human colon adenocarcinoma and they spontaneously dierentiate in the absence of inducers after reaching con¯uence (Pinto et al., 1983) . At day 2 after plating, Caco-2 cells are not polarized and they appear undierentiated. As these cells are maintained in culture, they polarize, form microvilli, and express increasing levels of brush border enzymes characteristic of dierentiated intestinal epithelial cells. In these cells, neither p53, nor p21 expression is inducible by DNA damaging agents such as adriamycin or etoposide (Gartel et al., 1996a) . Additional studies revealed that one allele of p53 gene is deleted and another is mutated in Caco-2 cells (Djelloul et al., 1997) . Earlier we and others found that p21 mRNA and protein levels increase during Caco-2 cell dierentiation (Gartel et al., 1996a; Evers et al., 1996) . Here we report that p21 transcription is activated primarily by the transcription factors Sp1 and Sp3 in Caco-2 cells, through two distal Sp1 binding sites within the p21 promoter.
Results
Basal transcription of the p21 gene is mediated through two regions of the p21 promoter in Caco-2 cells
To identify cis-acting elements in the p21 promoter that are active in Caco-2 cells, we used a series of p21 promoter deletion-CAT reporters, with the longest construct extending to 2330 bp upstream of the transcription initiation site in the human p21 gene. The deletion constructs used contained 1896 bp, 1485 bp, 1189 bp, 887 bp, 589 bp, 296 bp, and 119 bp of p21 promoter region, respectively ( Figure  1a ), cloned upstream of the CAT gene in the pJFCAT1 vector (El-Deiry et al., 1995; Biggs et al., 1996) . These plasmids were individually transfected into undierentiated Caco-2 cells along with the plasmid pCH110 (Amersham Pharmacia Biotech), which contains the lacZ gene under control of the SV40 promoter to monitor the eciency of transfection. Extracts were prepared 72 h after transfection and analysed for CAT activity. All transfections were done at least three times in duplicate and all CAT assays were normalized for expression of b-galactosidase. Deletion of the region between 71485 and 71189 bp resulted in loss of 25 ± 30% of activity ( Figure 1a ). Most of promoter activity was retained in the CAT119 construct, which was as active in the Caco-2 cells as CAT1189. Here we focus on identifying the factors that bind to cis-acting elements located between 7119 and +16 bp that are responsible for most of the p21 promoter transcriptional activity in Caco-2 cells. Cells were transfected with the indicated p21 promoter-CAT constructs and CAT activity was determined. The activity of the 72330/+16 promoter was set at 100% and standard deviations are shown in parentheses. All transfections were repeated at least three times in duplicate. (b) Cis-acting elements important for most of the activity of the p21 promoter in Caco-2 cells map to the region between 7119 and 7102 bp. Cells were transfected with the indicated p21 promoter-CAT constructs and CAT activity was determined. The activity of 7119/+16 promoter was arbitrarily set at 100% and standard deviations are shown in parentheses. Variations in transfection eciency were corrected by normalization for expression of b-galactosidase. All transfections were repeated at least three times in duplicate. (c) The nucleotide sequence of the proximal 7180/+20 nucleotides of the human p21 promoter. Consensus Sp1 binding sites (Sp1-1 to Sp1-6) are marked in bold and deletion endpoints of p21 promoter-CAT constructs are marked with arrows. Positions of substitutions in p21 promoter-CAT constructs CAT125mut (TAA) and CATSp1-1mut (AAT) are shown (control, 7133 to +16 bp with mutations in the nonessential region 7125 ± 123 bp, Figure 1c ), CATSp1-1mut (7133 to +16 bp with mutations in the Sp1-1 binding site 7118 to 116 bp, Figure 1c ), CATD7124/760 (7156 to +16 bp with a deletion of four Sp1 binding sites between 7124 and 760 bp), and CAT102 (7102 to +16 bp with deletion of Sp1-1 and Sp1-2 binding sites) and compared their CAT activity ( Figure 1b ). Constructs CAT119, CAT133 and CAT125mut, that contain all six Sp1 binding sites, expressed similar CAT levels (CAT activity 100%) after transfection of Caco-2 cells. The construct CATSp1-1mut with a mutation in the Sp1-1 binding site located between 7119 and 7114 bp lost approximately 50% of CAT119 activity (Figure 1b) . Construct CAT102 with a deletion of Sp1-1 and Sp1-2 binding sites lost 90% of wild type minimal (CAT119) promoter activity, and construct CATD7124/760 with a deletion of four Sp1 binding sites lost 95% of its activity (Figure 1b) . This construct contains two Sp1 sites located between 760 and 749 bp ( Figure 1c ) and these sites appear to marginally contribute to the basal activity of the p21 promoter in Caco-2 cells. Thus, two Sp1 binding sites Sp1-1 (from 7119 to 7114 bp) and Sp1-2 (from 7109 to 7104 bp) ( Figure  1c ) are responsible for 90% of the activity of the minimal p21 promoter in Caco-2 cells.
Sp1 and Sp3 bind to the p21 promoter in Caco-2 cells
To examine protein binding to the p21 promoter in Caco-2 cells, we used electrophoretic mobility shift assays (EMSAs) with a radiolabeled Apa1 fragment of the p21 promoter (from 7126 to 761 bp) ( Figure 1c ) as a probe and extracts from undierentiated and dierentiated Caco-2 cells. This probe contains four Sp1 binding sites that are responsible for 95% of the activity of the minimal p21 promoter in Caco-2 cells (see activity of construct CATD7124/760, which is lacking these Sp1 sites in Figure 1b) . We found that this probe speci®cally binds to protein complexes designated as [1] and nonspeci®cally to protein complexes designated as [2] from undierentiated and dierentiated Caco-2 cells (Figure 2a,b) . Multiple complexes can be explained by the presence of multiple Sp1 binding sites in the probe. Preincubation of Caco-2 nuclear extract with antibodies to Sp1 and Sp3 results in a supershift (Figure 2a,b) . The mobilities of complexes in undierentiated and dierentiated Caco-2 cells were the same, but bands corresponding to these complexes were more prominent in dierentiated Caco-2 cells (Figure 2) . The EMSA and supershift assays with antibodies to both Sp1 and Sp3 were also performed with mutated Apa1 probe. This probe contains only three Sp1 sites (mutations in the Sp1-1 binding site 7116 to 7114 bp, Figure 1c ) and the EMSA resulted in weaker binding with proteins from both dierentiated and undierentiated cells, and in the disappearance of a few bands as compared with wild type Apa1 probe (Figure 2b ). These experiments were performed at least three times with dierent extracts and increased binding of Sp1 and Sp3 to both probes was reproducibly observed with dierentiated extracts each time.
Increased expression of p21 during dierentiation correlated with stronger binding of Sp1 and Sp3 to the p21 promoter in dierentiated cells. To examine levels of Sp1 and Sp3 in undierentiated and dierentiated Caco-2 cells, immunoblotting was performed with nuclear extracts from these cells. The Sp1 antibody . The experiments were performed at least three times with dierent extracts, and increased binding of Sp1/Sp3 from dierentiated extracts to both probes was reproduced. (c) Sp1 levels do not change, while Sp3 levels increase twofold during Caco-2 cell dierentiation. Immunoblots with nuclear extracts from undierentiated (U) and dierentiated (D) Caco-2 cells were performed with antibodies to Sp1 and Sp3. The experiments were carried out three times with dierent extracts, and the twofold increase in Sp3 expression was reproducible. A representative experiment is shown speci®cally recognized the doublet characteristic of Sp1 in many cell types, which represents phosphorylated and unphosphorylated forms of Sp1 (Black et al., 1999) . The Sp3 antibody detected two doublets near 115 kDa and 78 kDa, which represent full-length Sp3 protein and Sp3 isoforms that arise from internal translational initiation, respectively (Kennett et al., 1997) (Figure 2c ). We found that the level of total Sp1 protein does not change during Caco-2 cell dierentiation, although there appears to be a slight increase in the ratio of the phosphorylated (upper) to nonphosphorylated (lower) form of this protein. In contrast, the level of full-length Sp3 reproducibly increases at least twofold (Figure 2c ). The Coomassie Blue-stained gel indicated equal protein loading (data not shown).
Sp1 and Sp3 positively regulate the p21 promoter in Drosophila SL2 cells and act through different Sp1 binding sites in the p21 promoter Sp3 can act both as an activator and as a repressor of transcription. To analyse the eect of Sp3 on the p21 promoter, we introduced the minimal p21 promoter construct CAT119 with the Drosophila expression vectors pPacSp1 and pPacSp3 into Drosophila SL2 cells, which lack Sp1 and related factors. CAT119 alone was not active, while addition of the Sp1 expression vector, pPacSp1, dramatically increased transcription of CAT119 (Figure 3a,c) . Interestingly, Sp3 proved to be a stronger activator of the p21 promoter, because cotransfections of CAT119 together with the Sp3 expression vector, pPacSp3, resulted in threefold stronger transactivation of this reporter than did addition of the Sp1 expression vector, pPacSp1 (Figure 3a,c) . As an example of a promoter that is negatively regulated by Sp3 we used the c-myc promoter-reporter construct 7160 MYC-CAT (DesJardins and Hay, 1993). We introduced this construct with the expression constructs pPacSp1 and pPacSp3 into Drosophila SL2 cells. We found that Sp3 cannot activate the c-myc promoter, and addition of Sp3 eectively represses Sp1-mediated activation of the cmyc promoter (Figure 3b ). These results are in agreement with previously published studies (Majello et al., 1995 (Majello et al., , 1997 . These data suggest that Sp3 aects the p21 and c-myc promoters in opposite ways.
To determine if Sp1 and Sp3 act through distinct sites within the p21 promoter, we performed transient transfections of SL2 cells with the p21 promoter-CAT reporter constructs CAT119, CATSp1-1mut ( Figure  1b) or CAT102 (Figure 1b ) and the empty Drosophila expression vector pPac, or pPacSp1, or pPacSp3. We found that deletion of the Sp1-1 binding site (construct CATSp1-1mut) diminished Sp3 activation of the minimal p21 promoter (CAT119) threefold, but did not change activation of the minimal p21 promoter by Sp1 (Figure 3c ). These data suggest that Sp3, but not Sp1 transactivates the p21 promoter through the Sp1-1 site. In contrast, deletion of the Sp1-2 site of the p21 promoter did not change activation by Sp3, but totally abolished transactivation by Sp1 (compare transactivation of the CATSp1-1mut and CAT102 constructs by Sp1 and Sp3, Figure 3c ), suggesting that Sp1 transactivates the p21 promoter through the Sp1-2 site. Discussion p21 mRNA and protein levels increase approximately fourfold during dierentiation of Caco-2 cells (Gartel et al., 1996a) . Here we show that the minimal p21 promoter (7119 to +16 bp), which contains six Sp1 binding sites (Sp1-1 to Sp1-6, Figure 1c) , is responsible CAT assays were performed with extracts from Drosophila SL2 cells transfected with the p21 promoter constructs shown, together with empty expression vector pPac, pPacSp1, or pPacSp3. Fold activation for Sp1/Sp3 and each reporter construct is shown relative to empty vector. Graphs represent the results of three independent experiments, with bars indicating standard deviations for a major part of p21 promoter activity in Caco-2 cells. Previously we found that the transcription factors E2F1 and E2F3 could induce p21 transcription through the same minimal promoter region (7119 to +16 bp) . In this study we found that the transcription factors Sp1 and Sp3 are responsible for transactivation of the p21 promoter in Caco-2 cells and binding of Sp1 and Sp3 to the Sp1 sites of the p21 promoter increases during Caco-2 cell dierentiation. The absolute level of Sp1 does not change during Caco-2 dierentiation, while the absolute level of Sp3 increases approximately twofold. Induction of p21 during Caco-2 dierentiation may be explained in part by increased binding of Sp1 and Sp3 to the p21 promoter. A few dierent mechanisms may explain the increased Sp1/Sp3 binding to the p21 promoter during Caco-2 cell dierentiation. The moderate enhancement of Sp1/Sp3 binding may be due to the increased expression of Sp3 that we observed in dierentiated Caco-2 cells. Alternatively, changes in phosphorylation or other posttranscriptional modi®cations of the Sp1/Sp3 proteins may account for increased binding to the p21 promoter. It has been shown that phosphorylation of Sp1 may stimulate (Merchant et al., 1999; Ray et al., 1999) or downregulate (Armstrong et al., 1997; Schafer et al., 1997) the DNA binding activity of Sp1. In our case, immunoblot analysis of nuclear extracts from dierentiated and undierentiated Caco-2 cells showed some increase in the ratio of the phosphorylated to nonphosphorylated form in the dierentiated Caco-2 cells (Figure 2c ) suggesting that Sp1 may be phosphorylated during Caco-2 dierentiation.
There are dierent types of promoters that contain Sp1 binding sites. One group includes SV40 (Hagen et al., 1994) , uteroglobin (Dennig et al., 1995) , c-myc (Majello et al., 1995 (Majello et al., , 1997 , human alcohol dehydrogenase 5/formaldehyde dehydrogenase (Kwon et al., 1999) , kinase domain receptor (Hata et al., 1998) and other promoters, which are regulated by competitive binding of Sp1 and Sp3 to Sp1 binding sites. Usually Sp3 does not activate these promoters, and its competition with Sp1 for binding to these promoters leads to repression of Sp1-driven transcription (Majello et al., 1997; Kwon et al., 1999 and Figure 3b ). The reciprocal eect was shown for the glucose transporter isoform 3 (Glut 3) promoter, where Sp1 suppressed and Sp3 transactivated Glut 3 transcription (Rajakumar et al., 1998) .
A second type of Sp1/Sp3 responsive promoter includes human Id4 (Pagliuca et al., 1998) , human POLD1 (Zhao and Chang, 1997) , human elongation factor 1 A-1 (Nielsen et al., 1998) , human glucagonlike peptide-1 receptor (Wildhage et al., 1999) , human endothelial nitric-oxide synthase (Karantzoulis-Fegaras et al., 1999) and neuronal nicotinic acetylcholine receptor b4 subunit (Bigger et al., 1997) gene promoters, which are positively regulated by both Sp1 and Sp3. Our data suggest that the p21 promoter belongs to this group and that Sp3 is a stronger positive regulator of the p21 promoter than Sp1. However, our data do not con®rm the notion that Sp3 acts as activator at a single recognition site and as a repressor on the multiple tandem recognition sites (Majello et al., 1997; Pagliuca et al., 1998) . The p21 promoter contains multiple tandem Sp1 binding sites and is strongly transactivated by Sp3.
The six Sp1 binding sites (Sp1-1 to Sp1-6) located between 7119 basepairs and the start of transcription of the human p21 gene (Figure 1c ) appear functionally dierent. The Sp1-5 and Sp1-6 sites are generally not essential for p21 transcription (see Figure 1b and Biggs et al., 1996; Kardassis et al., 1999; Zhang et al., 1999) . Although the Sp1-3 site is a target for several signals that induce p21 transcription, it does not appear to be important for p21 expression in the Caco-2 cell line. The Sp1-3 site is responsive to TGF-b (Datto et al., 1995) , Ca 2+ (Prowse et al., 1997) and TSA . Interestingly, TSA (Sowa et al., 1999) and Ca 2+ (Prowse et al., 1997) mediate induction of the p21 promoter via Sp3 binding to the Sp1-3 site, while TGF-b targets this site by Sp1 (Li et al., 1998) suggesting that dierent signals may induce the p21 promoter through the same Sp1 binding site by distinct mechanisms. Only two Sp1 binding sites, Sp1-1 and Sp1-2, located between 7119 and 7102 bp, are of major importance for transactivation of the p21 promoter in Caco-2 cells by Sp1 and Sp3 ( Figure  1b,c) . The same two Sp1 binding sites mediate p21 transactivation in response to the mycotoxin fumonisin (Zhang et al., 1999) and to an activator of protein kinase C (PKC), phorbol myristate acetate (PMA) (Biggs et al., 1996) . PKC-a has been shown to regulate the growth and dierentiation of Caco-2 cells through a mechanism that involves the induction of p21 Scaglione-Sewell et al., 1998) , and it is possible that Sp1 and Sp3 are also involved in PKC-a mediated induction of p21.
The Sp1-1 and Sp1-2 sites that are important for induction of the p21 promoter in Caco-2 cells are also important for transactivation of the p21 promoter by Sp1 and Sp3 in the Drosophila SL2 cell line ( Figure  3c ). We found that Sp1 and Sp3 target dierent Sp1 binding sites within the p21 promoter in SL2 cells, with Sp1 mainly targeting the Sp1-2 site and Sp3 targeting the Sp1-1 site (Figure 3c ). Although we detected a speci®c interaction of Sp1 (Sp1-2 site) and Sp3 (Sp1-1 site) with individual Sp1 binding sites of the p21 promoter in Drosophila cells, it is still unclear whether Sp1 and Sp3 speci®cally interact with these sites in mammalian cells.
Materials and methods
Plasmid constructs
The human p21 WAF1/CIP1 promoter deletion-CAT reporter constructs in pJFCAT1 from CAT2330 to CAT296 ( Figure  1 ) were a gift from W El-Deiry (University of Pennsylvania). Plasmids CAT133, CATSp1-1mut, CAT102 and CATD (7124/760) ( Figure 1c) were a gift from J Biggs (University of Colorado). These plasmids contain dierent fragments of the p21 promoter, with the longest fragment from 72330 to +16 bp (CAT2330) and shortest from 7102 to +16 bp (CAT102), The plasmid 7160 MYC-CAT was a gift from N Hay (University of Illinois, Chicago). Drosophila expression vector pPacSp1 was a gift from R Tjian (UC Berkeley) and Drosophila expression vector pPacSp3 was a gift from G Suske (Philips-Universitat Marburg, Germany). To monitor the eciency of transfections, the lacZ expression construct pCH110 (Amersham Pharmacia Biotech) was used.
Cell culture, transfections and CAT assays Drosophila Schneider SL2 cells were obtained from the American Type Culture Collection and were maintained at room temperature in modi®ed Schneider's Drosophila medium (Life Technologies, Inc) supplemented with 10% fetal calf serum and antibiotics. The Caco-2 human colon adenocarcinoma cell line was obtained from the American Type Culture Collection and grown in DMEM/F12 with 20% fetal calf serum. Transient transfections of undierentiated Caco-2 cells (2 days after plating) were performed using calcium phosphate precipitation with 4 mg of reporter plasmid and 3 mg of pCH110. Cells were harvested 48 ± 72 h after transfection, cellular extracts were prepared and CAT assays were performed as described previously (Gorman et al., 1982) . As a substrate for CAT assays we used 1-deoxy [ A CAT assay using deoxychloramphenicol results in only one acetylated product, which makes it easier to quantify the results (Murray et al., 1991) . The per cent of acetylation in each experiment was calculated using a Betascope 603 (Betagen). Variations in transfection eciency were corrected by normalization for expression of bgalactosidase. All transfections were repeated at least three times in duplicate.
Electrophoretic mobility shift assays (EMSAs)
Nuclear extracts from undierentiated and dierentiated Caco-2 or COS 1 cells were prepared according to Sambrook et al. (1989) . An Apa1 fragment of the p21 promoter (from 7126 to 761 bp (Figure 1c ) that contains four Sp1 binding sites was radiolabeled by terminal transferase (Promega). A mutated Apa1 fragment with mutation of the Sp1-1 site was also used as a probe in the EMSAs that were performed as described in DesJardins and Hay (1993) . Supershift experiments with this probe were performed with antibodies to Sp1 (sc-59x) and Sp3 (sc-644x) (Santa-Cruz Biotech. Inc.).
Immunoblotting
Twenty mg of protein from Caco-2 nuclear extracts were electrophoresed through 8% polyacrylamide gels and electrophoretically transferred to polyvinylidene¯uoride ®lters (Immobilon-P; Millipore). Filters were incubated either with goat polyclonal antibodies against Sp1 (sc-59x) (Santa-Cruz Biotech. Inc.), followed by incubation with biotinylated duck anti-goat antibody and streptavidin conjugated horseradish peroxidase or with rabbit polyclonal antibodies against Sp3 (sc-644x) (Santa-Cruz Biotech. Inc.), followed by incubation with secondary duck anti-rabbit antibody conjugated to horseradish peroxidase. Enhanced chemiluminescence detection was performed with SuperSignal ULTRA Chemiluminiscent Substrate (Pierce).
